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(57) ABSTRACT 

A transmission apparatus of the present invention includes an 
encoder unit con?gured to encode data including plural layers 
for each of the layers, a packetiZing unit con?gured to gen 
erate a packet based on the data encoded by the encoder unit, 
a determination unit con?gured to determine transmission 
intervals at Which the generated packet is transmitted for each 
of the layers, and a transmission unit con?gured to transmit 
the generated packet at the determined transmission intervals, 
Wherein the transmission intervals are changed for each 
speci?ed packet, Where the change varies With each of the 
plurality of layers. 

10 Claims, 10 Drawing Sheets 
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TRANSMISSION APPARATUS AND 
TRANSMISSION METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a transmission apparatus 

and a transmission method, and particularly relates to a trans 
mission apparatus and a transmission method that are suitable 
for transmitting a packet. 

2. Description of the Related Art 
Hitherto, technologies to transmit data including plural 

layers on a layer-to-layer basis have been developed. As an 
example of the above-described technologies, Japanese 
Patent Laid-Open No. 2004-140651 discloses the technology 
for distributing a code amount on time base by providing an 
offset at the time When encoding performed in frames for each 
of the layers is started. Thus, the code amount is distributed on 
the time base, Which makes it possible to decrease a local 
transmission rate Without changing a transmission rate deter 
mined on a per-unit-time basis, and reduce packet losses due 
to traf?c. 

According to knoWn technologies, hoWever, the concen 
tration of the code amount on the time base is distributed by 
shifting the transmission-start time for each of the layers 
and/ or transmitting the data corresponding to each of the 
layers in time areas that do not overlap With one another. That 
is to say, the method of transmitting the data corresponding to 
each of the layers is not modi?ed according to knoWn tech 
nologies. Therefore, it has been dif?cult to control the prob 
ability of the occurrence of transmission errors based on the 
layer importance. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention alloWs for easily con 
trolling the probability of the occurrence of transmission 
errors based on the layer importance. 

Therefore, a transmission apparatus according to an aspect 
of the present invention includes an encoder unit con?gured 
to encode data including a plurality of layers, a packetiZing 
unit con?gured to generate a packet based on the data 
encoded by the encoder unit, a determination unit con?gured 
to determine transmission intervals at Which the generated 
packet is transmitted for each of the layers, and a transmission 
unit con?gured to transmit the generated packet at the deter 
mined transmission intervals, Wherein the transmission inter 
vals are changed for each speci?ed packet, Where the change 
varies With each of the plurality of layers. 

Since a transmission pattern is determined for each layer 
according to the present invention, it becomes possible to 
easily control the probability of the occurrence of a transmis 
sion error based on the layer importance. Therefore, it 
becomes possible to reduce the probability of the occurrence 
of an error in the transmission of a packet of a layer With high 
importance, for example. 

Further features and aspects of the present invention Will 
become apparent from the folloWing description of exem 
plary embodiments With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention and, together With the description, 
serve to explain the principles of the invention. 
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2 
FIG. 1 shoWs an example of the con?guration of a trans 

mission apparatus according to a ?rst embodiment of the 
present invention. 

FIG. 2 shoWs an example of the con?guration of a multi 
layer encoder according to the ?rst embodiment. 

FIG. 3 conceptually shoWs an example image generated by 
the transmission apparatus (the multi-layer encoder) accord 
ing to the ?rst embodiment. 

FIG. 4 shoWs an example of the con?guration of a buffer 
according to the ?rst embodiment. 

FIG. 5 is a conceptual draWing provided to exemplarily 
shoW hoW encoded data is packetiZed according to the ?rst 
embodiment. 

FIG. 6 is a ?owchart illustrating an example processing 
performed in the transmission apparatus, so as to transmit a 
packet, according to the ?rst embodiment. 

FIG. 7 exemplarily shoWs packet-transmission patterns 
according to the ?rst embodiment. 

FIG. 8 shoWs an example of the con?guration of a trans 
mission apparatus according to a second embodiment of the 
present invention. 

FIG. 9 conceptually shoWs an example image generated by 
the transmission apparatus according to the second embodi 
ment. 

FIG. 10 shoWs an example packet transmitted from a trans 
mitter according to the second embodiment. 

DESCRIPTION OF THE EMBODIMENTS 

First Embodiment 

Hereinafter, a ?rst embodiment of the present invention 
Will be described With reference to the attached draWings. 

FIG. 1 shoWs an example of the con?guration of a trans 
mission apparatus 200. In the transmission apparatus 200, 
digital-video signals are transmitted to a multi-layer encoder 
201 via an input end 207. If the multi-layer encoder 201 has an 
analog-to-digital (A/D) conversion function, analog-video 
signals are transmitted to the multi-layer encoder 201 via the 
input end 207, and digital-video signals are generated in the 
multi-layer encoder 201. 

FIG. 2 shoWs an example of the con?guration of the multi 
layer encoder 201. In FIG. 2, the multi-layer encoder 201 
includes a layer-l encoder 303, a layer-2 encoder 304, and a 
layer-3 encoder 305. Activation and non-activation of each of 
the layer-l encoder 303, the layer-2 encoder 304, and the 
layer-3 encoder 305 can be separately controlled by using a 
control device 206 shoWn in FIG. 1. The multi-layer encoder 
201 of the ?rst embodiment can make a choice among three 
types of operations including encoding for a layer 1 (the 
loWermost layer) only, encoding for the layer 1 and a layer 2, 
and encoding for all of the layer 1, the layer 2, and a layer 3. 

Hereinafter, the ?rst embodiment Will be described based 
on the premise that a control unit 206 instructs the multi-layer 
encoder 201 to perform spatial-scalable encoding While the 
number of layers is determined to be three (the layers 1, 2, and 
3). Thus, even though the ?rst embodiment Will be described 
based on the premise that the number of layers of data is three, 
the number of layer has to be at least one. 

The digital-video signals transmitted to the multi-layer 
encoder 201 are transmitted to the above-described layer-l 
encoder 303, the layer-2 encoder 3 04, and the layer-3 encoder 
305 in parallel. Further, in the ?rst embodiment, the frame 
siZe of the digital-video signals transmitted to the multi-layer 
encoder 201 is 1920x1080 [pixels], namely, a full HD siZe. 

FIG. 3 conceptually shoWs an example image generated by 
the transmission apparatus 200 (the multi-layer encoder 201). 
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The layer-l encoder 303 generates a layer-l image 
obtained by vertically and horizontally reducing the image 
corresponding to the transmitted digital-video signals to one 
quarter the original image according to an arbitrary method. 
Then, the layer-l encoder 303 generates a layer-l-encoded 
image by performing intra-frame encoding and/or inter 
frame-prediction encoding in the layer 1 based on a predeter 
mined encoding format. 

Data on the layer-l -encoded image subjected to the intra 
frame encoding and/ or the inter-frame-prediction encoding is 
stored in a buffer 202 shoWn in FIG. 1 (a layer-l-storage 
device 403 shoWn in FIG. 4). FIG. 4 shoWs an example of the 
con?guration of the buffer 202. 

The layer-l encoder 303 stores the layer- 1 -encoded-image 
data in the buffer 202 in the above-described manner and 
generates a layer-l -decoded image by decoding the layer-l - 
encoded-image data. Then, the layer-l encoder 303 generates 
an image by vertically and horizontally magnifying the layer 
l-decoded image so that the generated image is tWice as large 
as the layer-l -decoded image, and transmits data on the gen 
erated image to the layer-2 encoder 304, as data on the ?rst 
predicted image. 

The layer-2 encoder 304 generates a layer-2 image 
obtained by vertically and horizontally reducing the image 
corresponding to the transmitted digital-video signals to one 
half the original image according to an arbitrary method. The 
layer-2 encoder 304 performs inter-layer (the layers 1 and 2) 
prediction betWeen the above-described layer-2 image and 
the ?rst predicted image on Which data is transmitted from the 
layer-l encoder 303. Consequently, data on a layer-2-predic 
tion error is externally transmitted. 
As is the case With the generated layer-l-encoded image, 

the layer-2 encoder 304 generates a layer-2-encoded image 
by performing the intra-frame encoding and/or the inter 
frame-prediction encoding in the layer 2 for the above-de 
scribed layer-2-prediction error. 
The layer-2 encoder 304 stores the layer-2-encoded-image 

data in the buffer 202 shoWn in FIG. 1 (a layer-2-storage 
device 404 shoWn in FIG. 4) and (preferably at the same time) 
decodes the layer-2-decoded-image data. Consequently, a 
layer-2-decoded image is generated. The layer-2 encoder 304 
generates an image by vertically and horizontally magnifying 
the layer-2-decoded image so that the generated image is 
tWice as large as the layer-2-decoded image, and transmits 
data on the generated image to the layer-3 encoder 305, as 
data on the second predicted image. 

The layer-3 encoder 305 determines the transmitted digi 
tal-video signals to be a layer-3-input image, and performs 
inter-layer (the layers 2 and 3) prediction betWeen the layer 
3-input image and the second predicted image on Which data 
is transmitted from the layer-2 encoder 304. Consequently, 
data on a layer-3 -prediction error is externally transmitted. 
As is the case With the generated layer-2-encoded image, 

the layer-3 encoder 305 performs the intra-frame encoding 
and/ or the inter-frame-prediction encoding in the layer 3 for 
the above-described layer-3 -prediction error, so that a layer 
3-encoded image is generated. The layer-3 encoder305 stores 
data on the layer-3-encoded image in the buffer 202 shoWn in 
FIG. 1 (a layer-3-storage device 405 shoWn in FIG. 4). 

Thus, in the ?rst embodiment, an encoder unit is achieved 
by using the multi-layer encoder 201 (the layer-l encoder 
303, the layer-2 encoder 304, and the layer-3 encoder 305). 

The ?rst embodiment has been described based on the 
premise that the encoding format is the spatial-scalable 
encoding. HoWever, the encoding format may be encoding 
other than the above-described encoding. The encoding for 
mat may be time-scalable encoding and/or a signal-to-noise 
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4 
ratio (SNR) scalable encoding de?ned in a moving-picture 
experts-group (MPEG)-2 system, for example. Further, 
according to the con?guration of the buffer 202 used in the 
?rst embodiment, a memory speci?cally used for each layer is 
independently provided, as shoWn in FIG. 4. HoWever, With 
out being limited to the above-described con?guration, a 
single memory may be physically divided based on address 
information and used, for example, so that the memory spe 
ci?cally used for each layer is con?gured. 
The control device 206 gives importance to an encoded 

image of each of layers (the layer- 1 -encoded image, the layer 
2-encoded image, and the layer-3-encoded image) in 
advance, Where data on each of the encoded images is stored 
in the buffer 202 in the above-described manner. The impor 
tance may be automatically given to each of the encoded 
images based on an arbitrary function. Further, the impor 
tance may be externally speci?ed by using an arbitrary input 
unit. 

Hereinafter, the ?rst embodiment Will be described based 
on the premise that the importance decreases in the order of 
the layer 1, the layer 2, and the layer 3 (the most highest 
importance is given to the layer 1), for example. 

Further, hereinafter, When the amount of code generated in 
each layer of an arbitrary frame is packetized, the number of 
packets becomes as shoWn beloW, for example. Layer 1: 20 
packets, Layer 2: 6 packets, Layer 3: 2 packets 
The layer-l-encoded data belonging to the layer 1 of the 

arbitrary frame is read from the layer-l-storage device 403 
and transmitted to a packetizer 203. FIG. 5 is a conceptual 
draWing provided to exemplarily shoW hoW encoded data is 
packetized. 
The packetizer 203 segments the transmitted layer-l-en 

coded data in units of a constant bit number (N [bytes] in FIG. 
5) from the top of the frame and gives predetermined headers 
501, 502, 503, and 504 to the segmented data, respectively, as 
shoWn in FIG. 5. 

If the amount of remaining code of the layer-l-encoded 
data is less than the above-described N [bytes] (s [bytes]) 
When a packet 505 including the ?nal data segmented from 
the frame is generated, the packetizer 203 performs the fol 
loWing processing. Namely, the packetizer 203 ?lls the 
remaining (N -s) [bytes] With an arbitrary stu?ing byte 506 so 
that the sizes of all of the packets become the same. Here, the 
stuf?ng byte denotes data Which is handled as invalid data 
When the data is transmitted to a decoder. 

Thus, in the ?rst embodiment, a packetization unit is 
achieved by using the packetizer 203. 
The layer- 1 -encoded data packetized by the packetizer 203 

(a packet generated by the packetizer 203) is transmitted to a 
transmitter 204. The layer-l-encoded data (a packet) trans 
mitted to the transmitter 204 is controlled and transmitted 
according to a ?owchart shoWn in FIG. 6. Thus, in the ?rst 
embodiment, a communication unit is achieved by using the 
transmitter 204. FIG. 6 is a ?owchart illustrating example 
processing performed by the transmission apparatus 200, so 
as to transmit the packet. 

First, an information-acquisition device 205 Waits until 
information about the reception state of an apparatus pro 
vided on the reception side (a reception apparatus) is acquired 
via an information-input end 209, Where the reception appa 
ratus becomes the transmission destination of the packet (step 
S501). The reception-state information includes, for 
example, information about the average-reception rate, the 
packet-loss rate, and the buffer-occupancy rate of the appa 
ratus provided on the reception side. 
When the reception-state information is acquired, the con 

trol device 206 selects a layer With the highest importance 
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(the layer 1 in the ?rst embodiment) from among the layers of 
the above-described arbitrary frame. Then, the control device 
206 determines a packet-transmission pattern Sn based on the 
layer- 1 -encoded data belonging to the layer 1 With the highest 
importance in the folloWing manner, for example (step S502). 
Namely, the control device 206 calculates the transmission 
pattern Sn in Which the packet-loss rate (the probability of the 
occurrence of a packet loss) is minimiZed in the apparatus 
provided on the reception side by statistically evaluating the 
average-reception-rate information, the packet-loss-rate 
information, and the reception-buffer-occupancy-rate infor 
mation. Here, the transmission pattern Sn is determined based 
on, for example, the number of packets transmitted for one 
burst transmission and intervals at Which each packet is trans 
mitted. 

Further, at the above-described step S502, the transmission 
pattern Sn can be calculated, so as not to alloW the occurrence 
of the packet loss. Here, the burst transmission is a method of 
transmitting grouped packets at the same time. A number of 
bursts denotes the number of packets transmitted through one 
burst transmission. 

FIG. 7 shoWs an example pattern in Which the packets are 
transmitted. Part (a) of FIG. 7 shoWs a transmission pattern in 
Which the packets of all of the layers are transmitted through 
one burst transmission (a knoWn transmission pattern). Each 
of parts (b) and (c) of FIG. 7 shoWs an example of the trans 
mission pattern Sn determined by the transmission apparatus 
200 of the ?rst embodiment. According to the part (b), the 
value of the transmission pattern Sn used for the layer 1 (the 
layer-l-encoded data) is 5 (Sn:5). Further, the value of the 
transmission pattern Sn used for each of the layers 2 and 3 (the 
layer-2-encoded data and the layer-3-encoded data) is 8 
(Sn:8). Here, the transmission pattern Sn used for the layers 
2 and 3 is acquired by obtaining a transmission pattern used 
for the layer 2 and that used for the layer 3 separately (refer to 
steps S509, S510, S511, and S512). Further, according to the 
part (c), the value of the transmission pattern Sn is 4 (Sn:4). 
Further, part (d) of FIG. 7 shoWs a packet 701 generated based 
on the layer- 1 -encoded data, a packet 702 generated based on 
the layer-2-encoded data, and a packet 703 generated based 
on the layer-3-encoded data. The above-described packets 
701 to 703 are transmitted through the burst transmission 
according to the transmission pattern Sn shoWn in the part (b) 
and/or the part (c) of FIG. 7. 

The above-described statistical evaluation can be achieved 
by performing the folloWing ?rst, second, and third process 
ing procedures. According to the ?rst processing procedure, 
at least one point determined based on the average-reception 
rate, the packet-loss rate, and the number of bursts corre 
sponding to the packet-loss rate is plotted on the three-dimen 
sional coordinates and data on the plotted point is stored over 
an arbitrary storage period, as a database. The control device 
206 reads data on a reception rate R in Which the packet-loss 
rate is minimiZed and data on a number of bursts L1 from the 
database. 

According to the second processing procedure, at least one 
point determined based on the reception-buffer-occupancy 
rate, the packet-loss rate, and the number of bursts corre 
sponding to the packet-loss rate is plotted on the three-dimen 
sional coordinates and data on the plotted point is stored over 
an arbitrary storage period, as a database. The control device 
206 reads data on a reception-buffer-occupancy rate Q in 
Which the packet-loss rate is minimiZed and data on a number 
of bursts L2 from the database. 

According to the third processing procedure, the control 
device 206 determines the number of bursts corresponding to 
the smaller of the packet-loss rate Which is estimated to be the 
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6 
minimum rate through the ?rst processing procedure and the 
packet-loss rate Which is estimated to be the minimum rate 
through the second processing procedure to be the transmis 
sion pattern Sn. Further, at least one point determined based 
on the average-reception rate, the reception-buffer-occu 
pancy rate, and the number of bursts corresponding to the 
reception-buffer-occupancy rate may be plotted on the three 
dimensional coordinates and data on the plotted point may be 
stored over an arbitrary storage period, as a database. In that 
case, the control device 206 reads data on a number of bursts 
L3 maximiZed to the extent that an over?oW and/ or an under 
?oW does not occur from the database. If the smaller of the 
number of bursts L1 and L2 on Which data is read through the 
?rst and second processing procedures is larger than the num 
ber of bursts L3, the number of bursts L3 may be determined 
to be the transmission pattern Sn. Otherwise, the smaller of 
the number of bursts L1 and L2 may be determined to be the 
transmission pattern Sn. 
The above-described statistical evaluation may be made 

according to various methods Without being limited to the 
above-described embodiment. 

Next, the control device 206 calculates a time Tr required to 
transmit the encoded data corresponding to the layer 1 With 
the highest importance by as much as a single frame in the 
transmission pattern Sn calculated at step S502 (step S503). 
Then, the control device 206 determines Whether the required 
time Tr is equivalent to and/ or less than a l-frame time (step 

S504). 
If the determination result shoWs that the required time Tr 

is equivalent to and/ or less than the l-frame time (YES in step 
S504), the control device 206 instructs the transmitter 204 to 
use the transmission pattern Sn calculated at step S503. The 
transmitter 204 performs the burst transmission for the layer 
l-encoded data (the encoded data corresponding to the layer 
1) based on the transmission pattern Sn (step S505). 
On the other hand, if the required time Tr exceeds the 

l-frame time (NO in step S504), the control device 206 addi 
tionally calculates a transmission pattern Sx in Which the 
required time Tr falls Within the l-frame time (step S506). 

Here, the transmission pattern Sx can be calculated in the 
folloWing manner, for example. 
The time corresponding to 1 frame is determined to be Tf, 

the cycle of a system clock provided in the transmission 
apparatus 200 is determined to be T, and the amount of code 
occurring in an arbitrary encoded frame is determined to be 
Ri, and the amount of code that can be transferred for a single 
packet is determined to be Rp. In that case, the number of 
times the burst transmission can be performed Within the 
l-frame time, the number being determined to be Nb, is 
expressed in Equations (1) and (2), as beloW. 

Nb:(Tf/T) (1) 

Here, Equation (1) shoWs a value obtained When the 
remainder left When the l-frame-corresponding time Tf is 
divided by the system-clock cycle T is Zero. On the other 
hand, Equation (2) shoWs a value obtained When the remain 
der left When the l -frame-corresponding time Tf is divided by 
the system-clock cycle T is larger than Zero. 

Further, the number of packets required to transfer the 
Whole amount of code of an arbitrary encoded frame, the 
number being determined to be Np, is expressed in Equations 
(3) and (4), as beloW. 

Np:(Ri/Rp) (3) 
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Here, Equation (3) shows a value obtained When the 
remainder left When the amount Ri of the code occurring in 
the arbitrary encoded frame is divided by the amount Rp of 
the code that can be transferred for the single packet is Zero. 
On the other hand, Equation (4) shoWs a value obtained When 
the remainder left When the amount Ri of the code occurring 
in the arbitrary encoded frame is divided by the amount Rp of 
the code that can be transferred for the single packet is larger 
than Zero. 

When using the number Nb of times the burst transmission 
can be performed Within the 1 -frame time and the number Np 
of packets required to transfer the Whole amount of code of 
the arbitrary encoded frame, a number of bursts Lt is 
expressed in Equations (5) and (6), as beloW. 

Ll:(Np/Nb) (5) 

Here, Equation (5) shoWs a value obtained When the 
remainder left When the number Np of packets required to 
transfer the Whole amount of code of the arbitrary encoded 
frame is divided by the number Nb of times the burst trans 
mission can be performed Within the l-frame time is Zero. 
Further, Equation (6) shoWs a value obtained When the 
remainder left When the number Np of packets required to 
transfer the Whole amount of code of the arbitrary encoded 
frame is divided by the number Nb of times the burst trans 
mission can be performed Within the l-frame time is larger 
than Zero. 

The control device 206 can calculate the number of bursts 
Lt and determine the number of bursts Lt to be the transmis 
sion pattern SX by performing the above-described calcula 
tions corresponding to Equations (1) to (6). Incidentally, the 
transmission pattern SX may be determined according to 
another method Without being limited to the above-described 
embodiment. 

The control device 206 instructs the transmitter 204 to use 
the transmission pattern SX calculated at step S506. The trans 
mitter 204 performs the burst transmission for the layer-l 
encoded data based on the transmission pattern SX (step 

S507). 
Thus, in the ?rst embodiment, a packet generated based on 

the encoded data corresponding to the layer 1 is transmitted 
With top priority. When the transmission of the packet gener 
ated based on the encoded data corresponding to the layer 1 is 
?nished, the control device 206 determines the layer 2 Which 
is the most important of all layers for Which packet transmis 
sion is not yet performed (the second most important layer) to 
be a layer for processing (step S508). 

Thus, in the ?rst embodiment, the layer With the highest 
importance is determined at step S502, and a ?rst determina 
tion unit is achieved by performing layer-speci?cation pro 
cessing at step S508. 

Next, the control device 206 calculates a difference time (a 
remaining time) TX, Which is the difference betWeen the time 
Tr required to transmit the layer-l-encoded data and the 
l-frame time (:(l-frame time)-Tr) (step S509). Then, the 
control device 206 determines Whether the value of the dif 
ference time TX is a positive number (Whether the value of the 
difference time TX is larger than a threshold value (:0), or 
equivalent to and/or smaller than the threshold value) (step 
S510). Thus, in the ?rst embodiment, a second determination 
unit is achieved by performing the processing corresponding 
to step S510. 

If the determination result shoWs that the value of the 
difference time TX is the positive number (YES in step S510), 
the control device 206 calculates a transmission pattern Ss 
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used for all of the packets generated based on the layer-2 
encoded data (the entire encoded data corresponding to the 
layer 2). At that time, the transmission pattern Ss is calculated 
so that the packet loss does not occur, or the packet-loss rate 
is minimized. Then, the control device 206 determines 
Whether the calculated transmission pattern Ss includes a 
transmission pattern Ss Which alloWs for transmitting all of 
the packets generated based on the layer-2-encoded data 
Within the difference time TX (step S511). Further, at step 
S511, it is determined Whether it is possible to calculate the 
transmission pattern Ss Which alloWs for transmitting all of 
the packets generated based on the layer-2-encoded data 
Within the difference time TX. The transmission pattern Ss 
may be calculated When it is determined that the calculation is 
possible. 

Thus, in the ?rst embodiment, a decision unit is achieved 
by performing the processing corresponding to each of steps 
S502, S506, and S511. 

If the determination result shoWs that there is the transmis 
sion pattern Ss Which alloWs for transmitting all of the packets 
generated based on the layer-2-encoded data Within the dif 
ference time TX (YES in step S511), the control device 206 
instructs the transmitter 204 to sue the calculated transmis 
sion pattern Ss. The transmitter 204 performs the burst trans 
mission for the layer-2-encoded data based on the transmis 
sion pattern Ss (step S512). Thus, in the ?rst embodiment, a 
transmission unit is achieved by performing the processing 
corresponding to steps S505, S507, and S512. 

Then, the processing returns to step S508, so as to specify 
the neXt layer, that is, the layer 3 to be a layer for processing. 
The data corresponding to the layer 3 and afterWard is sub 
jected to the processing corresponding to steps S509 to S512. 
In that case, at step S510, it is determined Whether the value of 
the difference time TX, Which is the difference betWeen the 
sum total of the times Tr required to transmit the encoded data 
(the layer- 1 -encoded data and the layer-2-encoded data) that 
had been transmitted by then and the l-frame time, is larger 
than Zero. 

In the case Where it is determined that the value of the 
difference time TX is not the positive number at step S510 and 
Where it is determined that there is not the transmission pat 
tern Ss Which alloWs for transmitting the entire layer-2-en 
coded data Within the difference time TX at step S511, the 
folloWing processing is performed and the processing shoWn 
in FIG. 6 is ?nished. That is to say, the control device 206 
abandons the encoded data corresponding to the layer 2 and 
all of the layers after the layer 2 (the layer-2 -encoded data and 
the entire layer-3-encoded data), and ?nishes the processing 
shoWn in FIG. 6. In the ?rst embodiment, an abandonment 
unit is achieved by performing the above-described process 
ing. Further, the control device 206 may instruct the transmit 
ter 204 not to transmit the encoded data corresponding to the 
layer 2 and all of the layers after the layer 2. 

Further, if the neXt layer does not eXist at step S508 (if the 
processing corresponding to step S509 and afterWard is per 
formed for a layer With loW importance), the processing 
shoWn in FIG. 6 is ?nished Without performing the processing 
corresponding to step S509 and afterWard. Further, the pro 
cessing performed by the control device 206, Which is shoWn 
in FIG. 6, may be achieved by the transmitter 204. 

According to an eXample shoWn in part (b) of FIG. 7, there 
are tWenty packets of the layer-l-encoded data. The above 
described tWenty packets are transmitted through the burst 
transmission While determining the value of the transmission 
pattern Sn to be ?ve. Further, there are siX packets of the 
layer-2-encoded data and tWo packets of the layer-3-encoded 
data. The above-described packets are transmitted through 
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the burst transmission While determining the value of the 
transmission pattern Ss to be eight. 

Likewise, according to an example shoWn in part (c) of 
FIG. 7, there are tWenty packets of the layer-1-encoded data. 
The above-described tWenty packets are transmitted through 
the burst transmission While determining the value of the 
transmission pattern Sn to be four. Then, the layer-2-encoded 
data and the layer-3 -encoded data are abandoned due to the 
lack of the transmission time (not transmitted). 

Thus, in the ?rst embodiment, the transmission pattern Sn 
in Which transmission of the packets generated based on the 
encoded data corresponding to the layer 1 With the highest 
importance (the layer-1-encoded data) is ?nished Within the 
1 -frame time and the packet-loss rate is minimiZed (and/ or no 
packet loss occurs) is calculated. Then, the packets generated 
based on the layer-1 -encoded data are transmitted through the 
burst transmission based on the above-described transmis 
sion pattern Sn. Then, packets generated based on the 
encoded data corresponding to the remaining layers, that is, 
the layers 2 and 3 (the layer-2-encoded data and the layer-3 
encoded data) are transmitted through the burst transmission 
Within the time corresponding to the difference betWeen the 
time Tr required to transmit the layer-1-encoded data and the 
1-frame time. Thus, the transmission pattern is calculated for 
each layer and the burst transmission is performed. Conse 
quently, it becomes possible to easily control the probability 
of the occurrence of a transmission error based on the layer 
importance. Therefore, it becomes possible to reduce the 
probability of the occurrence of an error in a layer With high 
importance even though the status of a communication path is 
not so Well that a packet loss easily occurs. Consequently, it 
becomes possible to transmit video data and/or sound data 
With reduced disturbance to the reception apparatus. Further, 
if the communication path is stable, the data corresponding to 
a high layer With loW importance is properly transmitted. 
Therefore, it becomes possible to perform adaptive process 
ing. 

Further, in the ?rst embodiment, the transmission pattern 
Sn in Which the packet-loss rate is minimiZed (or no packet 
loss occurs) is calculated. After that, it is determined Whether 
packets generated based on the layer-1-encoded data can be 
transmitted based on the above-described transmission pat 
tern Sn Within the 1-frame time. If it is not possible to transmit 
the above-described packets, the transmission pattern Sx in 
Which the above-described packets can be transmitted Within 
the 1-frame time is additionally calculated, and the packets 
generated based on the layer-1-encoded data are transmitted 
through the burst transmission based on the calculated trans 
missionpattern Sx. Therefore, it becomes possible to transmit 
data With high importance to the reception apparatus in an 
appropriate manner. 

In the ?rst embodiment, the packets generated based on the 
encoded data corresponding to the layers 2 and 3 (the layer 
2-encoded data and the layer-3-encoded data) are collectively 
transmitted through the burst transmission. HoWever, Without 
being limited to the above-described embodiment, the pack 
ets generated based on the encoded data corresponding to the 
layer 2 (the layer-2 -encoded data) may be transmitted through 
the burst transmission based on the processing corresponding 
to steps S503 to S505, for example. Namely, the burst trans 
mission may be performed in any fashion so long as the 
transmission pattern is determined for each layer and/or plu 
ral layers and the packets are transmitted through the burst 
transmission based on a determined transmission pattern. 

Further, the reception-state information is not limited to 
that described in the ?rst embodiment. For example, the num 
ber of consecutive packet losses, the error-occurrence prob 
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10 
ability other than the packet-loss rate, etc., may be acquired, 
as the reception-state information. 

Further, in the ?rst embodiment, the transmission pattern 
Sn in Which the packet-loss rate is minimized (and/or no 
packet loss occurs) is calculated based on the reception-state 
information. HoWever, the transmission pattern Sn may be 
calculated Without being limited to the above-described 
embodiment. For example, the transmission pattern Sn in 
Which the packet-loss rate is minimiZed (and/ or no packet loss 
occurs) may be calculated based on line-capacity information 
indicating the usable capacity of a communication line (the 
free capacity of the communication line), the communication 
line functioning as a transmission path provided betWeen the 
transmission apparatus 200 and the reception apparatus. In 
that case, the information-acquisition device 205 can acquire 
the line-capacity information from an external device moni 
toring the communication line and/or detect the line-capacity 
information of its oWn accord, for example. Further, the infor 
mation-acquisition device 205 may calculate the transmis 
sion pattern Sn in Which the packet-loss rate is minimized 
(and/or no packet loss occurs) based on both the reception 
state information and the line-capacity information. 

Further, if it is determined that the value of the reception 
state information (e.g., the packet-loss rate) acquired at step 
S501 exceeds a thresholdvalue, and if the reception apparatus 
issues an instruction to perform redundant transmission for 
the data corresponding to a layer With the highest importance 
(the layer 1), the redundant transmission may be performed 
for the layer-1 -encoded data. Further, if information about the 
number of the consecutive packet losses is acquired, as the 
reception-state information, the redundant transmission may 
be performed for the layer-l-encoded data When it is deter 
mined that the consecutive-packet-loss number exceeds a 
threshold value. 

Further, in the ?rst embodiment, it is determined Whether 
the value of the difference time Tx corresponding to the 
difference betWeen the time Tr required to transmit the layer 
1-encoded data and the 1-frame time is larger than Zero (refer 
to step S510 shoWn in FIG. 6). HoWever, the threshold value 
set for the difference time Tx is not limited to Zero. For 
example, a variable proportional to the amount of code of the 
encoded data corresponding to a layer for processing (e. g., the 
layer-2-encoded data) (the time (variable) conforming to the 
code amount of the encoded data corresponding to the layer 
for processing) may be determined to be the threshold value. 
For example, the time required to transmit the encoded data 
may be calculated based on the code amount of the encoded 
data corresponding to the layer for processing, and the 
required time may be determined to be the threshold value. At 
step S51 0, it is determined Whether the value of the difference 
time Tx is larger than the threshold value (:0). In that case, 
hoWever, it may be determined Whether the value of the dif 
ference time Tx is equivalent to and/ or larger than the thresh 
old value. In that case, the processing corresponding to step 
S511 may be omitted. 

Further, in the ?rst embodiment, When the value of the 
difference time Tx corresponding to the difference betWeen 
the sum total of the times Tr required to transmit the data 
corresponding to the layers for Which transmission had 
already been ?nished and the 1-frame time is larger than the 
threshold value (equivalent to and/ or larger than the threshold 
value), the transmission pattern Ss used to transmit the pack 
ets corresponding to layers for Which data transmission is not 
yet performed is calculated (refer to steps S510 and S511). 
HoWever, the transmission pattern Ss may be calculated With 
out being limited to the above-described embodiment. For 
example, in addition to the conditions described at step S510, 
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information about a situation Where the sum total of the times 
Tr required to transmit the data corresponding to the layers for 
Which the transmission had already been ?nished is smaller 
than the l-frame time (and/or equivalent to and/or smaller 
than the l-frame time) may be the condition for calculating 
the transmission pattern Ss used for transmit the packets 
corresponding to the layers for Which the transmission is not 
yet performed. A third determination unit may be achieved by 
performing the above-described processing, for example. In 
that case, the processing corresponding to step S511 is per 
formed When the above-described tWo conditions are satis 
?ed. On the other hand, if at least one of the above-described 
tWo conditions is not satis?ed, the encoded data correspond 
ing to the layers for Which the data transmission is not yet 
performed may be abandoned (not be transmitted). For 
example, the encoded data corresponding to the layers for 
Which the data transmission is not yet performed may be 
abandoned (not be transmitted) When the sum total of the 
times Tr required to transmit the data corresponding to the 
layers for Which the data transmission had already been ?n 
ished is equivalent to and/ or larger than the l-frame time (or 
larger than the l-frame time). 

Second Embodiment 

Next, a second embodiment of the present invention Will be 
described. In the description of the second embodiment, the 
same components as those of the ?rst embodiment Will be 
designated by the same reference numerals as those shoWn in 
FIGS. 1 to 7, so that detailed descriptions of the same com 
ponents Will be omitted. 

FIG. 8 shoWs an example of the con?guration of a trans 
mission apparatus 900. In the second embodiment, the digi 
tal-video signals corresponding to 3840x2160 [pixels] (im 
ages of the layer 2 shoWn in FIG. 9) are transmitted to a 
reduction scaler 902 via an input end 901, for example. 

The reduction scaler 902 generates the digital-video sig 
nals corresponding to 1920x1080 [pixels] (images of the 
layer 1 shoWn in FIG. 9) by vertically and horiZontally reduc 
ing the image corresponding to the transmitted digital-video 
signals to one half the original image. The reduction scaler 
902 transmits the generated digital-video signals from an end 
90211 to an H.264 encoder (the layer 1) 903. 
On the other hand, the reduction scaler 902 externally 

transmits the digital-video signals (the digital-video signals 
corresponding to 3840x2160 [pixels]) for Which the siZe 
change processing is not performed from an end 9021) and 
stores the digital-video signals in a buffer 910. 
The H.264 encoder (the layer 1) 903 performs encoding 

processing (intra-frame-prediction encoding and/or the inter 
frame-prediction encoding) conforming to an H.264-encod 
ing format for the above-described digital-video signals cor 
responding to 1920x1080 [pixels]. The H.264 encoder (the 
layer 1) 903 transmits data on a netWork abstraction layer 
(NAL) to a buffer 904, as data on a result of the encoding 
processing. The payload of the NAL includes at least one of 
the digital-video signals subjected to the above-described 
encoding processing (a slice) and data on a parameter set or 
the like other than the video signals subjected to the above 
described encoding processing. Here, the payload of the NAL 
is referred to as a raW-byte-sequence payload (RBSP). 

The NAL data externally transmitted from the H.264 
encoder (the layer 1) 903 is stored in the buffer 904, read at 
arbitrary time, and transmitted to an input end 90511 of a 
packetiZer 905. 

The packetiZer 905 performs the folloWing processing 
based on an arbitrary packet format, as shoWn in FIG. 5. 
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12 
Namely, the packetiZer 905 divides transmitted data into data 
items for every N [bytes] and stores each of the data items in 
a packet payload separately, or stores the data corresponding 
to N [bytes], Which is a group of plural transmitted data items, 
in the payload of a single packet, for example. Then, the 
packetiZer 905 generates a packet by giving a predetermined 
packet header including packet headers 501, 502, 503, 504, 
and 505 to each packet (a single payload) and externally 
transmits the generated packet. 

Each of the packets transmitted from the packetiZer 905 is 
transmitted to a transmitter 906. The transmitter 906 pro 
cesses the transmitted packet based on a predetermined com 
munication protocol, and transmits the transmitted packets to 
a reception apparatus via a communication path (a commu 
nication line) 909 through the burst transmission. 

Next, example operations performed by the transmission 
apparatus 900 When data is transmitted to the packetiZer 905 
via both the input end 905a and an input end 905b, namely, 
When the encoded data corresponding to each of the layers 1 
and 2 exists, Will be described. 
The encoded data Which is encoded by the H.264 encoder 

(the layer 1) 903 and stored in the buffer 904 is read under the 
control of a control device 912 and transmitted to an H264.1 
decoder (the layer 1) 907. 
The H264.1 decoder (the layer 1) 907 decodes the trans 

mitted encoded data (the data encoded by the H.264 encoder 
(the layer 1) 903) and transmits the decoded data to a magni 
?cation scaler 911 under the control of the control device 912. 
In the folloWing description, the encoded data subjected to the 
decoding is referred to as locally-decoded-digital-video sig 
nals, as required. 
The locally-decoded-digital-video signals are transmitted 

to the magni?cation scaler 911, and the magni?cation scaler 
911 vertically and horizontally magni?es the image corre 
sponding to the transmitted locally-decoded-digital-video 
signals by tWo times. That is to say, the magni?cation scaler 
911 performs the reverse of the reduction processing per 
formed by the reduction scaler 902. Consequently, the digital 
video signals of the same siZe as that of the digital-video 
signals transmitted to the input end 901 are transmitted to an 
encoder (the layer 2) 908. 
At the same time, the encoder (the layer 2) 908 reads the 

digital-video signal corresponding to the locally-decoded 
digital-video signal transmitted to the H264.1 decoder 907 (of 
the same frame as that of the locally-decoded-digital-video 
signal) from the buffer 910. 
The encoder (the layer 2) 908 calculates the value of the 

difference betWeen the tWo transmitted digital-video signals 
(an inter-layer-prediction error) for each frame. The encoder 
(the layer 2) 908 encodes the inter-layer-prediction error cal 
culated for each frame based on an encoding format unique to 
the encoder (the layer 2) 908 (the intra-frame encoding and/ or 
the inter-frame-prediction encoding). Here, the encoding for 
mat unique to the encoder (the layer 2) 908 denotes an inde 
pendent encoding format Which is not compatible With 
H.264. 
The encoded data transmitted from the encoder (the layer 

2) 908 is transmitted from the input end 9051) to the packetiZer 
905. As is the case With the encoded data transmitted from the 
input end 90511, the packetiZer 905 generates a packet based 
on the encoded data transmitted from the input end 9051) 
based on an arbitrary packet format. That is to say, the pack 
etiZer 905 divides data transmitted thereto into data items for 
every N [bytes] and stores each of the data items in a packet 
payload separately, or stores the data corresponding to N 
[bytes], Which is a group of plural transmitted data items, in 
the payload of a single packet, for example. Then, the pack 
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etiZer 905 generates a packet by giving a predetermined 
packet header including the packet headers 501, 502, 503, 
504, to each packet and externally transmits the generated 
packet. 

Each of the packets transmitted from the packetiZer 905 is 
transmitted to the transmitter 906. The transmitter 906 pro 
cesses the transmitted packet based on a predetermined com 
munication protocol, and transmits the transmitted packets to 
the reception apparatus via the communication path (the com 
munication line) 909 through the burst transmission. 

FIG. 10 shoWs an example of a packet transmitted from the 
transmitter 906. 

For example, When the communication protocol is the real 
time transport protocol (RTP) (user datagram protocol 
(UDP)), the transmitter 906 stores a packet transmitted from 
the packetiZer 905 in the payload (RTP payload) 1001 of an 
RTP packet. Then, the transmitter 906 generates an RTP 
packet including the RTP payload 1001 and the header of the 
RTP packet (RTP header) 1002. 

Since the RTP does not have identi?cation information 
about an end point, the RTP is insuf?cient to function as a 
transport protocol. Therefore, in the second embodiment, the 
transmitter 906 uses the UDP as a loWer layer, as shoWn in 
FIG. 10. That is to say, the transmitter 906 generates a UDP 
packet to Which a header-of-the-UDP packet (UDP header) 
1003 is added and transmits the UDP packet to the data part of 
a UDP packet storing the RTP packet. Further, it becomes 
possible to generate an internet-protocol (IP) packet to Which 
a header-of-the-IP packet (IP header) 1 004 is added and trans 
mit the IP packet to the data part of an IP packet storing the 
UDP packet, as shoWn in FIG. 10. 

The transmitter 906 has a function of detecting the free 
capacity of the communication path (communication line) 
909. Further, the transmitter 906 has a function of calculating 
a transmission pattern in Which the error-occurrence prob 
ability such as the packet-loss rate is minimized based on the 
detected free capacity of the communication path 909, the 
code amount of a transmitted packet, and the maximum value 
of a transmission time speci?ed for the code amount of the 
transmitted packet. Then, the transmitter 906 has a function of 
transmitting a packet through the burst transmission in the 
calculated transmission pattern. Incidentally, the control 
device 912 may have part of or all of the above-described 
functions. 

Further, upon receiving plural encoded data items included 
in the same frame, Where the degrees of importance given to 
the encoded data items are different from one another (the 
layer-l-encoded data and the layer-2-encoded data), the 
transmitter 906 performs the folloWing processing. Namely, 
the transmitter 906 performs the same processing as that 
performed in the above-described ?rst embodiment for 
encoded data With the highest importance (the layer-l-en 
coded data). For transmitting all of the packets generated 
based on the layer-l-encoded data of a frame for processing 
(the Whole code amount) in the current communication envi 
ronment, the transmitter 906 calculates a transmission pattern 
in Which the packet-loss rate is minimiZed and the time Tr 
required to perform the data transmission is minimiZed Within 
the 1 -frame time. Then, the transmitter 906 performs the burst 
transmission for the packet generated based on the layer-1 
encoded data in the calculated transmission pattern. 

Next, the transmitter 906 calculates the difference time Tx 
corresponding to the difference betWeen the time Tr required 
to transmit the layer-l-encoded data and the l-frame time, 
and determines Whether the value of the calculated difference 
time Tx is larger than Zero. If the determination result shoWs 
that the value of the difference time Tx is larger than Zero, the 
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14 
transmitter 906 calculates a transmission pattern used to 
transmit all of the packets generated based on the layer-2 
encoded data. Then, the transmitter 906 determines Whether 
there is a transmission pattern Which alloWs for transmitting 
all of the packets generated based on the layer-2 -encoded data 
Within the difference time Tx. If the determination result 
shoWs that there is the transmission pattern Which alloWs for 
transmitting all of the packets generated based on the layer 
2-encoded data, the burst transmission is performed for all of 
the packets generated based on the layer-2-encoded data in 
the above-described transmission pattern (refer to part (b) of 
FIG. 7). 
On the other hand, if the value of the difference time Tx is 

not larger than Zero, or if there is no transmission pattern 
Which alloWs for transmitting all of the packets generated 
based on the layer-2-encoded data Within the difference time 
Tx, the packets generated based on the layer-2-encoded data 
are not transmitted (abandoned). Incidentally, if at least three 
types of packets are transmitted, Where the degrees of impor 
tance given to the packets are different from one another, the 
same processing as the above-described processing can be 
performed. Further, as is the case With the ?rst embodiment, 
the control device 912 may have, for example, the function of 
calculating the transmission patterns. 
The above-described calculation of the transmission pat 

tern used for the layer-1 -encoded data With the highest impor 
tance can be performed for each frame. HoWever, it is pref 
erable that the transmission pattern is calculated for each 
intra-encoded frame in Which the largest amount of code 
occurs Without being limited to the above-described descrip 
tion. When transmitting encoded data, Where the amount of 
code occurred in the encoded data is known (e.g., entirely 
encoded video contents), it is preferable that a transmission 
pattern is calculated for a frame, Where the code amount of the 
frame exceeds an arbitrarily determined threshold value. 

If the control device 912 detects that data is transmitted to 
the packetiZer 905 only from the H.264 encoder (the layer 1) 
903, the transmitter 906 performs the folloWing processing 
under the control of the control device 912. Namely, the 
transmitter 906 calculates a transmission pattern in Which an 
amount of code, the amount corresponding to a single frame 
(a packet), is distributed over the l-frame time. Then, the 
transmitter 906 performs the data transmission by using the 
calculated transmission pattern (refer to part (c) of FIG. 7, for 
example). The above-described processing may be per 
formed When the H.264 encoder (the layer 1) 903 is set to 
activation mode and the encoder (the layer 2) 908 is set to 
non-activation mode (When data is transmitted only to the 
H.264 encoder) under the control of the control device 912. 

In each of the above-described embodiments, the transmis 
sion pattern is not limited to only one kind. For example, a 
pattern Which alloWs for adjusting transmission intervals at 
Which a single packet is transmitted so that the transmission 
intervals become uniform in the l-frame time may be deter 
mined to be the transmission pattern in vieW of the circum 
stances of the transmission apparatuses 200 and 900. 

Other Embodiments 

Each of units and/or steps included in the image-process 
ing apparatuses and/or the image-processing methods 
according to the above-described embodiments of the present 
invention can be achieved by an operating program stored in 
a random-access memory (RAM) and/or a read-only memory 
(ROM) of a computer. The program and/ or a computer-read 
able recording medium storing the program constitutes 
another embodiment of the present invention. 
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Further, each of a system, an apparatus, a method, a pro 
gram, a storage medium, etc. may constitute another embodi 
ment of the present invention. More speci?cally, the present 
invention can be used for a system including plural units, or 
an apparatus including a single unit only. 

Further, program code of software implementing the func 
tions of the above-described embodiments (program code 
corresponding to the ?owchart of FIG. 6 in the above-de 
scribed embodiments) is supplied to the system and/or the 
apparatus directly and/or remotely. Then, a computer of the 
system and/or the apparatus reads and executes the supplied 
program code so that the functions of the above-described 
embodiments can be achieved, Which constitutes another 
embodiment of the present invention. 

Therefore, the program code itself installed in the com 
puter, so as to achieve functional processing of the present 
invention by the computer, also constitutes another embodi 
ment of the present invention. Namely, a computer program 
itself provided to achieve the functional processing can con 
stitute another embodiment of the present invention. 

In that case, the above-described computer program may 
be object code, a program executed by an interpreter, script 
data supplied to an operating system (OS), etc., so long as the 
computer program has program functions. 
A recording medium provided to supply the program may 

be, for example, a ?oppy (registered trademark) disk, a hard 
disk, an optical disk, a magneto-optical disk, a magneto 
optical disk (MO), a compact disk (CD)-read only memory 
(ROM), a CD-recordable (R), a CD-reWritable (RW), etc. The 
above-described recording medium may further be a mag 
netic tape, a nonvolatile memory card, a ROM, a digital 
versatile disk (DVD) including a DVD-ROM and a DVD-R, 
etc. 

Further, the program may be supplied in the folloWing 
methods. For example, a user accesses a home page estab 
lished on the Internet by using a broWser of a client computer. 
Then, the user doWnloads the computer program itself of the 
present invention from the home page and/or compressed ?le 
data including data on an automatic-install function to a 
recording medium such as a hard disk. 

Further, the program can be supplied by dividing program 
code generating the program of the present invention into 
plural ?le-data items and doWnloading the ?le-data items 
from different home pages. Namely, a WWW server provided 
to doWnload program-?le-data items used to achieve the 
functional processing of the present invention by using a 
computer to plural users also constitutes another embodiment 
of the present invention. 

Further, the program of the present invention may be 
encoded and stored in storage mediums such as CD-ROMs 
distributed to users. Then, key information used to decode the 
encoded program may be doWnloaded from the home page to 
a user satisfying predetermined conditions via the lntemet. 
Through the use of the doWnloaded key information, the 
encoded program can be executed and installed in a computer 
so that the program is supplied to the system and/or the 
apparatus. 

Further, not only by the computer reading and executing 
the read program, but also by the computer executing part of 
or the entire process utiliZing an OS, etc. running on the 
computer based on instructions of the program, the functions 
of the above-described embodiments may be achieved. 

Further, the program read from the recording medium may 
be Written into a memory of a function-expansion board 
inserted into the computer and/or a function-expansion unit 
connected to the computer. Then, a central processing unit 
(CPU), etc. of the function-expansion board and/ or the func 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
tion-expansion unit may execute part of or the entire process 
based on instructions of the program so that the functions of 
the above-described embodiments are achieved. 

While the present invention has been described With refer 
ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the folloWing claims is to be 
accorded the broadest interpretation so as to encompass all 
modi?cations and equivalent structures and functions. 

This application claims the bene?t of J apaneseApplication 
No. 2007-211389 ?led on Aug. 14, 2007, Which is hereby 
incorporated by reference herein in its entirety. 

What is claimed is: 
1. A transmission apparatus comprising: 
at least one processor programmed to control: 

an encoder unit con?gured to encode data, the encoder 
unit including a plurality layers; 

a packetiZing unit con?gured to generate a packet based 
on the data encoded by the encoder unit; 

an information acquisition unit con?gured to acquire 
reception-state information indicating a reception 
state of a reception apparatus functioning as a trans 
mission destination of the packet; 

a determination unit con?gured to determine transmis 
sion intervals at Which the generated packet is trans 
mitted for each of the layers; and 

a transmission unit con?gured to transmit the generated 
packet at the determined transmission intervals, 

Wherein the determination unit calculates transmission 
intervals so that a probability of occurrence of the packet 
loss is reduced for at least one of the plurality of layers 
based on the reception-state information. 

2. The transmission apparatus according to claim 1, 
Wherein the determination unit calculates transmission inter 
vals based on the reception-state information and line-capac 
ity information indicating a capacity of a communication line 
functioning as a transmission path of the packet. 

3. The transmission apparatus according to claim 1, 
Wherein the determination unit determines intervals at Which 
the packet generated based on encoded data corresponding to 
at least one of the plurality of layers is transmitted so that 
transmission of the packet generated based on the encoded 
data corresponding to the at least one of the plurality of layers 
is ?nished Within a predetermined time. 

4. The transmission apparatus according to claim 1, further 
comprising a decision unit con?gured to decide importance 
given to each of the plurality of layers, Wherein the transmis 
sion unit transmits the packet generated based on encoded 
data corresponding to a layer decided to be the mo st important 
layer by the decision unit With top priority. 

5. The transmission apparatus according to claim 4, further 
comprising: 

a second determination unit con?gured to determine 
Whether a value of a time corresponding to a difference 
betWeen a sum total of times required to transmit at least 
one packet generated based on encoded data corre 
sponding to a layer on Which data had already been 
transmitted by the transmission unit and a predeter 
mined time is equivalent to or larger than a threshold 
value, or larger than the threshold value; and 

an abandonment unit con?gured to abandon encoded data 
corresponding to at least one layer on Which data is not 
yet transmitted When the second determination unit 
determines that the difference-time value is smaller than 
the threshold value, or the difference-time value is 
equivalent to or smaller than the threshold value, 
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wherein When the second determination unit determines 
that the difference-time value is equivalent to or larger 
than the threshold value, or the difference-time value is 
larger than the threshold value, the determination unit 
determines intervals at Which at least one packet gener 
ated based on encoded data corresponding to a layer 
Which is the most important of the at least one layer on 
Which data is not yet transmitted is transmitted so that 
transmission of the packet generated based on the 
encoded data corresponding to the most important layer 
is ?nished Within the difference time. 

6. The transmission apparatus according to claim 5, further 
comprising: 

a third determination unit con?gured to determine Whether 
the sum total of the times required to transmit the at least 
one packet generated based on the encoded data corre 
sponding to the layer on Which data had already been 
transmitted by the transmission unit is equivalent to or 
smaller than the predetermined time, or smaller than the 
predetermined time; and 

an abandonment unit con?gured to abandon the encoded 
data corresponding to the at least one layer on Which data 
is not yet transmitted When the third determination unit 
determines that the sum total of the required times is 
larger than the predetermined time, or the sum total of 
the required times is equivalent to or larger than the 
predetermined time, 

Wherein When the third determination unit determines that 
the sum total of the required times is equivalent to or 
smaller than the predetermined time, or the sum total of 
the required times is smaller than the predetermined 
time, the determination unit determines the intervals at 
Which the packet generated based on the encoded data 
corresponding to the layer Which is the most important 
of the at least one layer on Which data is not yet trans 
mitted is transmitted so that the transmission of the 
packet generated based on the encoded data correspond 
ing to the most important layer is ?nished Within the 
difference time. 

7. The transmission apparatus according to claim 5, 
Wherein the encoder unit encodes data corresponding to a 

single frame including the plurality of layers, 
Wherein the predetermined time is a single-frame time, and 
Wherein the threshold value is a variable proportional to an 

amount of code of the encoded data corresponding to the 
layer on Which data is not yet transmitted. 
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8. The transmission apparatus according to claim 1, 

Wherein When a reception apparatus designates redundant 
transmission for at least one packet generated based on 
encoded data corresponding to a layer Which is the most 
important of all of the plurality of layers, the reception appa 
ratus being provided as a transmission destination of the 
packet, and When it is determined that a number of consecu 
tive packet losses and a packet-loss rate exceeds a threshold 
value, Where information about the consecutive-packet-loss 
number and the packet-loss rate is acquired from the recep 
tion apparatus, the transmission unit performs the redundant 
transmission for the packet generated based on the encoded 
data corresponding to the most important layer. 

9. A transmission method comprising: 
encoding data in a plurality of layers; 
generating a packet based on the encoded data; 
acquiring reception-state information indicating a recep 

tion state of a reception apparatus functioning as a trans 
mission destination of the packet; 

determining transmission intervals at Which the generated 
packet is transmitted for each of the layers; and 

transmitting the generated packet at the transmission inter 
vals, 

Wherein the transmission intervals are calculated so that a 
probability of occurrence of the packet loss is reduced 
for at least one of the plurality of layers based on the 
reception-state information. 

10. A non-transitory computer storage medium having a 
computer-executable program stored thereon for causing a 
computer to execute a method for transmission, the method 
comprising: 

encoding data in a plurality of layers; 
generating a packet based on the encoded data; 
acquiring reception-state information indicating a recep 

tion state of a reception apparatus functioning as a trans 
mission destination of the packet; 

determining transmission intervals at Which the generated 
packet is transmitted for each of the layers; and 

transmitting the generated packet at the transmission inter 
vals, 

Wherein the transmission intervals are calculated so that a 
probability of occurrence of the packet loss is reduced 
for at least one of the plurality of layers based on the 
reception-state information. 

* * * * * 


